Ecology of the free living forms of bioluminescent bacterial population along with the distri bution of total heterotrophs in various sub-water regions of the Seto Inland Sea were attempted. Surface water bolstered the growth of total heterotrophs whereas bottom water endures luminescent procaryotes. Amongst various locale of the sampling area, high population were encountered in the inner regions when collated with the open regions of the Seto Inland Sea. Of 1182 strains identified, 10 different groups of total heterotrophs (867) as well as 8 species of bioluminescent bacteria (315) were observed. Pseudomonas-Alteromonas group was prevalent among TVC and these were decreased from the distance of the coast. Vibrio harveyi was found to be distributed more in all the sampling stations where as 2 species of the genus Photobacterium were noticed less frequently during the present investigation. However, substantiated proportions of V. fischeri was also recorded with some unusual members. Statistical analyses showed that salinity in directly governs the distribution of these bacterial population and the analyses of variance revealed that these were distributed homogenously and were found to be significant in some sub-water regions.
Materials and Methods
Study Area and Sample Collection General characteristics and pollution level of the Seto Inland Sea are described.13) Four cruises were made from September 1987 to June 1988 on Toyoshio-maru, a research vessel of Hiroshima University, to collect samples and Table 1 sum marizes the division of sub-water regions and sampling stations. Care was taken to cover as many sub-water region of the Seto Inland Sea as possible (Fig. 1) .
Surface, bottom (2m above bottom deposits) water and sediment samples of 25 stations were collected aseptically and bacteriological examina tion was carried out on board not later than 2h. Appropriate sediment samples were aseptically weighed into 50% sea water and mechanically stirred for 30min to dissociate the adhered bac terial population. Further, the large particle were allowed to settle and suitable aliquots from the supernatant were subjected to various bacteriological examination as described below. 
Results
Environmental characteristics of various sampl ing stations were shown in Table 1 . Normal pattern of high saline and low thermal conditions were observed in the bottom water layers along with low pH values when compared to surface water samples. Bacterial population of various sub-water regions of the Seto Inland Sea are con stituted in Table 2 .
Heterotrophic Bacteria TVC population was recorded more in surface water layers followed by bottom and sediment samples with high population in Hiuchi Nada. The population seems to decrease with distance from the coast and this is more evident in Bisan Seto, Hiuchi Nada as well as Suo Nada regions. Totally, 867 strains of bacteria were isolated and identified on their morphological and cultural characteristics. Ten different bacterial groups could be identified and their distribution were tabulated (Table 3) . Gram-negative groups (84.2%) were generally more when compared to gram-positive groups (9.1%) with 6.7% as un identified. Among gram-negative strains isolated, members of family Vibrionaceae (18.8%) are second to Pseudomonas-Alteromonas group (32.8 %). Only 10 isolates were identified as the representatives of the family Enterobacteriaceae and were the least abundant group among all the gram-negative bacteria. A clear cut zonation could be observed with respect to the sample hierarchy in the distribution of various bacterial flora. Generally gram-positive group were found to be recorded more in sediment layers against gram-negative group which was predominant in surface layers (Pseudomonas-Alteromonas). But , in contrast, members of the family Vibrionaceae was found to be high in sediment samples followed by bottom and surface water layers.
Bioluminescent Bacteria
Distribution of luminescent procaryotes ex hibited definite pattern with a large scale of popula tion in bottom layers when collated with surface water as well as sediment samples . Amidst the sub-water regions, these bacterial population were concentrated more in Bisan Seto and Hiuchi Nada regions.
Results of the distribution of various species of bioluminescent bacteria were given in Table 4 . Of 315 strains tested, 8 different species could be isolated with most predominant one as Vibrio harveyi (34%) followed by Photobacterium leiognathi (21.6%) and V. fischeri (21 .6%). Only one strain of P. phosphoreum was isolated in the sediment of St. 22 and its ecological aspects needs further study. P. leiognathi was found to be terrained in bottom water layers where as uniform distribution of V. harveyi could be noticed in all the strata during the present study. Unusual members of bioluminescent bacteria like V. marinus and V. logei (3 strains each) were en countered in this investigation along with a sub stantiate proportion of V. splendidus biovar I (13.3%). In addition to these, some isolates (23 strains), mostly from sediment, showed similarity over Vibrio genus but these cultures could not be identified upto its species level.
Discussion
Extensive survey of the distribution of hetero trophic bacteria in the Indian ocean and the South China Sea17) as well as pelagic areas of Tokyo Bay18) was carried out. It has been reported by them that no clear vertical distribution of total heterotrophic bacteria was observed. But a clear distribution in these bacterial population could be recorded during the present study and this might be attributed to the number of sampling layers 470 Venkateswaran, Nakano, and Hashimoto * CFU/l00 mi for surface (S) and bottom (B) water and CFU/g for sediment (M) samples. 5  6  2  7  2  7  -1  1  17  15  10  42  Vibrio spp.  1  3  3  -2  6  5  --1  -1  -1  -7  6  10  23  P. leiognathi  ---4  11  6  9  10  -4  22  2  ---17  43  8  68  P. phosphoreum Total --------------1  ---1  1  95  145  75  315 which was restricted to surface and bottom waters as well as the relative quiescence of the environ ment. In addition, the depth of the water column in the sampled area was not exceeding 47m excepting Iyo Nada regions. The river discharge with high nutrient effluents would have enhanced the growth of these bacterial population in the surface water layers and is evidenced by the de crease in the densities of heterotrophic bacteria from the distance of the coast. Analysis of vari ance (Table 5) indicated that TVC were homo geneously distributed and converged at the surface water and were significant at 1% level. Predominance of Pseudomonas-Alteromonas group during the present study revealed that this group grow well in the eutrophic waters and high abundance in the closed regions i. e. Bisan Seto, Hiuchi Nada and Hiroshima Bay than the open regions of the Seto Inland Sea further substantiated this fact. Simidu et a1.11) are also of the view that the South China Sea had higher percentage of Pseudomonas group than their Vibrionaceae counterparts. Higher recurrence of the members of the family Vibrionaceae in sediment samples suggested the possibility of outgrowth by Pseudomonas-Alteromonas group in the surface water samples. Moreover, it has already been noticed that in surface layers the marine members of the family Vibrionaceae were less frequent .17) Statis tical analyses were also confirmed that total heterotrophic bacterial population was found to be correlated with total vibrios in sediment samples and significant at 5% level (r=0.812). Furthermore, it is evident from the previous in vestigation on the same area that total vibrios were observed to be abundant in bottom water as well as sediment samples. 19) Low percentage of gram-positive bacteria during the present investigation paralleled the reports of earlier studies along with the abundance of Moraxella-Acinetobacter group in the sediment samples. These 2 groups were seemed to be mote frequent at layers from 800 to 1,200m of the South China Sea. 17) Luminous bacteria occur in the sea as free -living, as saprophytes and as symbionts in light organs of certain fish and cephalopods.20) With respect to zonation of these bacterial population, high densities in bottom water layers was justified by the established evidence that these bacteria were benthic and has been taken in water from 5-150m deep in the Australian coasts. 20) Four species were commonly encountered of which Reichelt and Baumann5) suggested that the ability to colonize light organs are appeared to be restricted to 2 species of Photobacterium. In the present study also only one strain of P. pho -sphoreum was reported as free living forms and the 472 Venkateswaran, Nakano, and Hashimoto work of Ruby and Morin21) which supported this findings indicated that P. phosphoreum was ge nerally associated with marine animals as sym bionts. In their research they found out that 22 of 25 phenotypic clones isolated from 16 specimens of 4 different fishes were of P. phosphoreum. However, other 3 established species were found in approximately equal numbers in the open ocean20) while in coastal waters V. harveyi was the sole or predominant species in both temperate8) and tropicall) countries. The results of the present study also supported this findings and more over V . fischeri was also found to be isolated at sig nificant quantity.
Relationship between bioluminescent bacterial population and other biotic as well as abiotic factors was tabulated (Table 6 ). It is revealed that luminous procaryotes were found significant ly correlated with total vibrios and this could be conceived from the fact that all the luminescent species are the members of the family Vibrionaceae. Besides this, temperature exerts major influence on the incidence of their abundance with a positive relationship in the sediment samples and parti cularly at Hiuchi Nada in both water column and sediment samples. Inverse relationship with salinity shows that this factor is foremost crucial in governing the distribution and is recorded to be significant in some sub-water regions. This reiterated that the riverine discharge with high nutrients perhaps influenced the proliferation of these bacteria and in turn reduced the saline con dition of the environment.
It could be concluded from the results that both heterotrophic as well as bioluminescent bacterial population showed a clear cut zonation in their distribution. In addition, environmental pa rameters like salinity indirectly influencing their abundance in an area like the Seto Inland Sea where riverine effluents could considerably enrich the environment.
